Mechanical properties and color of a plasticized polyvinyl chloride (PVC) maxillofacial elastomer were evaluated at processing temperatures from 140 to 1900C. The properties were dependent on processing temperature. Specimens prepared at 1700C had optimum mechanical properties with minimal discoloration.
Introduction.
For maxillofacial prostheses, physical and mechanical properties and color are primary characteristics considered by the prosthodontist in selecting the base elastomer. Ideally, the material that is used to replace lost facial tissues, especially the overlying skin, must duplicate the properties of living tissues and provide an esthetic and lifelike appearance. In recent years, the introduction of stable, resilient, and lifelike materials has made possible the fabrication of esthetic and durable maxillofacial prostheses. Scientific studies dealing with the evaluation of commercial materials have since attracted a great deal of interest. [1] [2] [3] [4] [5] In 1972, Sweeney and associates1 reported the results on three formulations of heat-cured vinyl plastisol elastomers. They concluded that an improved polyvinyl chloride (PVC) formulation was the most satisfactory material for clinical usage. Although the physical properties of these formulations have been evaluated extensively, along with stability under weathering conditions, the relationships among physical properties and color as a function of processing temperature were not reported.
The purpose of this study was to investigate quantitatively the effect of various processing temperatures on the mechanical properties and color of a PVC maxillofacial elastomer. This information should serve as a guideline to clinicians in selecting the proper processing condition for this elastomer in practical applications.
Materials and methods.
The polyvinyl chloride (PVC) studied was a vinyl plastisol formulation*. Prior to being processed at an elevated temperature, this material was a moderately viscous fluid with a viscosity of approximately 7200 cp. The color was milky white, which results from the dispersions of highmolecular-weight PVC particles and several chemical additives in plasticizerl. This mixture was mixed thoroughly to assure homogeneity before being cast into sheets in aluminum molds, and being cured at temperatures of 140, 150, 160, 170, 180, and 1900C in an air-circulating oven. The thermal history of each elastomer processed at each curing temperature was monitored constantly and recorded at five-minute intervals by a thermocouple inserted into the body of the aluminum mold.
Mechanical properties of shear strength, ultimate tensile strength, maximum percent elongation, permanent deformation at failure, tear energy, and Shore A hardness were evaluated for samples prepared at the six different temperatures. The shear strength was measured according to ASTM designation D732-466 with a testing machine+. Dumbbellshaped tensile specimens (0.6 x 0.2 cm and gauge length of 3 cm) were cut from the elastomer sheets using a precision die and were used to measure ultimate tensile strength and maximum percent elongation at a cross-head speed of 10 cm/min. The measurements for permanent deformation were made after 24 hr of dimensional recovery following ultimate tensile elongation. Values for permanent deformation were calculated by dividing the increase in sample length after failure by the original length. The resistance to tear propagation was determined by using trouser-shaped specimens7 (7.5 x 2.5 x 0.1 cm) at a cross-head speed of 5 cm/min. The indentation hardness was measured with a testert with samples 1.0 cm in thickness.
The specimens for color measurements were 6 x 4 x 0.35 cm. The effect of curing temperature on color was evaluated quantitatively by measuring the color of each sample with a double-beam, ultraviolet-visible spectrophotometer and an integrating sphere § . Reflectance curves in the visible spectrum were obtained for the samples with both a white and a black background. Luminous reflectance (LR), dominant wavelength (DW), and excitation purity (EP) were calculated for each sample from the reflectance curve using a computer program based upon the CIE Chromaticity Diagram 1931 and Source A.8 The translucency of each sample was calculated by dividing the value of LR with a black background by the LR with a white background to determine the contrast ratio (CR), which varies from zero for a transparent sample to one for an opaque sample.
Results.
The mechanical properties and color of the PVC as a function of processing temperature are tabulated in Tables 1 and 2, respectively. The means and standard deviations were calculated from five replications. Means were compared statistically by Scheffe's intervals computed from an analysis of variance at a 95% level of confidence.9'10
The mechanical characteristics of PVC (Table 1) Table  2 ) indicated that the color of the processed PVC was also temperature-dependent. The LR with a white background was 54.4 for samples prepared at 1400 C. This value increased slightly to 61.6 at 1700C, then decreased to a low of 21.3 at 1900 C, indicating a lightening effect on the sample processed between 140 and 170QC and a darkening when processed above 1700C. When these samples were examined with a black background, values of LR demonstrated a steady drop for the entire temperature range (from 12.7 at 1400C to 4.4 at 1900C). The large differences noted in LR for samples measured with the white and the black backgrounds were caused by the translucency of PVC material. The CR was 0.234 for samples processed at 1400C, de-creased to 0.148 at 1700C, and increased to 0.208 at 1900C. The PVC was most transparent when processed at 1700C. No statistical difference in DW was observed for samples processed between 140 and 1700C, but significant changes were seen for samples processed above 1700C. The DW increased from 584.1 nm at 1700C to 610.4 nm at 1900C, which represents a shift from yellow to the orange-red region in the color spectrum. The largest color change was noted in the saturation of the samples at higher processing temperatures. The EP increased from 0.177 at 1400 C, to 0.316 at 170°C, and to 0.857 at 1900C.
The difficulty of instantaneously raising the plastisol to the desired curing temperature is a result of the heat capacity and heat conductivity of the aluminum mold and the plastisol itself. This limitation is illustrated by typical temgerature-time profiles for samples prepared at 140 and 190 C in Fig. 1 . The entire curing process required a total of 50 min, with 40 min needed to bring a sample to the desired temperature and an additional ten min at a constant temperature to complete the processing cycle.
Discussion.
At room temperature, the unprocessed PVC is a moderately viscous, free-flowing liquid mixture. At elevated temperatures, the PVC dispersion swells and dissolves in the plasticizer and subsequently gels as the temperature is lowered. Under experimental observation, 1400C was found to be the critical temperature for successful formation of elastomeric gel; the mechanical properties and color of the elastomer were optimized at 1700C; above this processing temperature, undesirable discoloration became apparent.
The results indicate that the processing temperature plays an important role in determining the overall mechanical behavior and color characteristics of the elastomer. The low values of shear strength, ultimate tensile strength, maximum percent elongation, permanent deformation, tear energy, and Shore A hardness seen at 1400C are the result of incomplete gelation of the elastomer. The samples processed at this temperature were light yellow and slightly opaque. Complete dissolution of the PVC dispersion was observed for samples processed at 1700C, resulting in the formation of a uniform elastic matrix with improved mechanical strength and little color change. Although the mechanical properties of samples processed at temperatures above 1 700C did not change significantly, the samples were badly discolored as a result of the exudation of plasticizer, conjugation of molecular double bonds, and sample decomposition by thermal-oxidative degradation.
Conclusions.
( 1 ) The mechanical properties and color of the plasticized PVC elastomer were dependent upon the processing temperature.
(2) The optimum mechanical properties and color were obtained at a processing temperature of 1700C.
(3) At processing temperatures above 1700C, there was little improvement in mechanical properties and considerable discoloration of the elastomer.
